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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a flexible un- 
bonded pipe and a process for its preparation. The flex- 
ible unbonded pipe is particularly useful in aggressive 
environments, due to its ability to withstand the diffusion 
of gases from a fluid in the pipe. 

BACKGROUND ART 

[0002] Flexible unbonded pipes as such are well 
known in the art. Such pipes comprise an inner liner which 
forms a barrier against the outflow of the fluid which is 
conveyed through the pipe, and one or more armouring 
layers on the outer side of the inner liner (Outer armouring 
layer(s)). The flexible pibe may comprise additional lay- 
ers such as one or more inner armour layers to prevent 
the collapse of the inner liner. Such inner armouring layer 
or layers are normally referred to as a carcass. An outer 
sheath may be provided with the object of forming a bar- 
rier against the ingress of fluids from the pipe surround- 
ings to the armour layers. 

[0003] Typical unbonded flexible pipes are e.g. dis- 
closed in WO01 61 232A1 , US 61 231 1 4 and US 6085799. 
[0004] The term "unbonded" means in this text that at 
least two of the layers including the armouring layers and 
polymer layers are not bonded to each other. In practice 
the pipe will comprise at least two armouring layers, 
which are not bonded to each other directly or indirectly 
via other layers along the pipe. Thereby the pipe be- 
comes bendable and sufficiently flexible to roll up for 
transportation. 

[0005] The above-mentioned type of flexible pipes is 
used, among other things, for off shore as well as some 
on-shore applications for the transport of fluids and gas- 
es. Flexible pipes can e.g. be used for the transportation 
of fluids where very high or varying water pressure exists 
along the longitudinal axis of the pipe, such as riser pipes 
which extend from the seabed up to an installation on or 
near the surface of the sea, pipes for transportation of 
liquid and gases between installations, pipes which are 
located at great depths on the seabed, or between in- 
stallations near the surface of the sea. 
[0006] In traditional flexible pipes, the one or more out- 
er armouring layers are most often in the form of helically 
wound steel wires e.g. shaped as profiles, where the in- 
dividual layers may be wound at different winding angle 
relative to the pipe axis. 

[0007] When using such prior art flexible pipes for 
transportation of aggressive gases, raw oils and similar 
fluids, it has been found that undesired and often corro- 
sive gases and liquids are diffusing through the inner liner 
and into the outer armouring layers. 
[0008] In prior art pipes, this problem has been solved 
in a number of different ways. In EP 1 1 1 9684 a solution 
is disclosed where the lumen between an inner liner and 



an outer sheath can be flushed to remove undesired gas- 
es and liquids that has been diffusing through the inner 
liner into the lumen. This solution is however not suitable 
in all situations. 

5 [0009] Another approach for preventing the aggres- 
sive and destructive corrosion of the armour wires is to 
provide armour wires of a non-corrosive material. Such 
solution has been disclosed in WO 02095281, wherein 
the armouring wires are made from a composite material. 

10 Such wires are however relatively expensive. 

[001 0] In WO0231 394 it is suggested to allow environ- 
mental sea water to come into contact with the outer ar- 
mour layers whereby gases and liquids that have been 
diffusing through the inner liner are flushed away from 

15 the armours. As the sea water may be corrosive in itself, 
this solution either requires that the armour wires are of 
a non-corrosive material or that the pipe is used in low 
corrosive outer environments. 

[0011] US 6006788 discloses a flexible pipe with an 
20 internal gas proof undulating metal tube. However, this 
pipe is relatively stiff as the internal gas proof undulating 
metal tube needs to have a certain thickness in order to 
be sufficiently stable. Furthermore, the internal gas proof 
metal tube need to be resistive to the medium to be trans- 
25 ported in the pipe, which in practice means that pipes of 
this type have a very limited used. 

SUMMARY OF INVENTION 

30 [0012] The objective of the invention is to provide a 
flexible, unbonded pipe useful for transportation of gases 
and crude oils and other aggressive fluids, which pipe is 
improved compared with the respective prior art pipes. 
In particular, it is an objective to provide a flexible, un- 
35 bonded pipe which does not have the drawbacks of the 
prior art pipes described above. 

[0013] The invention also aims at providing a method 
for producing such flexible, unbonded pipes. 
[0014] These objectives have been solved by the in- 
40 vention as it is defined in the claims and described in the 
following. 

[001 5] The flexible pipe according to the invention can 
thus be used for transporting corrosive gases, crude oils 
and other corrosive fluids, with less tendency for corro- 
45 sion of the armouring wires than prior art solutions as 
disclosed above. 

[001 6] Simultaneously, the construction is very simple 
and easy to produce, and furthermore the corrosion sta- 
bility properties obtained are not at the expense of flex- 
so ibility properties of the flexible pipe. 

[0017] According to the invention the flexible pipe ac- 
cording to the invention has an increased corrosion sta- 
bility due to the fact that the diffusion of aggressive fluids 
into the armouring wires is reduced or even eliminated 
55 while the flexible pipe remains sufficiently flexible for be- 
ing transported on reels. 
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DISCLOSURE OF INVENTION 

[0018] The flexible pipe according to the invention thus 
comprises at least one polymer layer and one film layer, 
said polymer layer being bonded to said film layer. 
[001 9] The film layer is thinner than said polymer layer, 
and the film layer furthermore provides a higher diffusion 
barrier to the fluids in question, i.e. the gasses or liquids 
to be transported in the pipe. 

[0020] The polymer layer may in principle be any kind 
of polymer layer. 

[0021] In one embodiment, it is desired that the poly- 
mer layer is capable of resisting the high temperatures 
of the fluid conveyed e.g. in the order of 130° C to 1 50° C, 
or even in the order of 130° C to 1 80°C, and which is easy 
to work industrially, in particular by extrusion. The poly- 
meric materials that have these properties include in par- 
ticular certain semi-crystalline polymers. Furthermore, it 
is desired that the polymer layer should be resistant to 
live crude with little or no blistering or swelling. 
[0022] Examples of useful polymers for the polymer 
layers include the following: 

polyolefins, such as polyethylene and poly propyl- 
ene; 

polyamide, such as poly amide-imide, polyamide-1 1 

(PA-11) and polyamide-12 (PA-12); 

polyimide (PI); 

polyurethanes; 

polyureas; 

polyesters; 

polyacetals; 

polyethers, such as polyether sulphone (PES); 
polyoxides; 

polysulfides, such as polyphenylenesulphide (PPS); 
polysulphones, such as polyarylsulphone (PAS); 
polyacrylates; 

polyethylene terephthalate (PET); 
polyether-ether-ketones (PEEK); 
polyvinyls; 
polyacrylonitrils; 

polyetherketoneketone (PEKK); and co- polymers of 
the preceding; 

fluorous polymers such as polyvinylidene diflouride 
(PVDF), homopolymers and copolymers of vinyli- 
dene fluoride ("VF2 "), homopolymers and copoly- 
mers of trifluoroethylene ("VF3 "), copolymers and 
terpolymers comprising two or more different mem- 
bers selected from the group consisting of VF2, VF3, 
chlorotrifluoroethylene, tetrafluoroethylene, hex- 
afluoropropene, and hexafluoroethylene. 

[0023] The flexible pipe of the invention may thus pref- 
erably comprise at least 50 % by weight, such as at least 
70 % by weight, such as at least 85 % by weight of one 
or more of the polymers selected from the group of pol- 
ymers specified. 

[0024] In one embodiment, the polymer layer compris- 



es one or more of polyamide, poly(vinylidene fluoride) 
(PVDF). 

[0025] In one embodiment, the polymer layer compris- 
es at least 50 % by weight, such as at least 85 % by 
5 weight of cross-linked polyethylene (XLPE). In one em- 
bodiment, the polymer layer consisting essentially of 
cross-linked polyethylene (XLPE) and one or more inor- 
ganic fillers. 

[0026] The polymer layer may preferably be as in the 
co-pending application PCT/DK 03/00191, which is 
cross-linked using IR radiation. The disclosure of 
PCT/DK 03/00191 is hereby incorporated by reference. 
[0027] The film layer may In principle be a film of any 
type of material which, is less than 1 mm and is flexible. 
[0028] Useful film layers include materials of the group 
consisting of polymer, metal, metal containing composi- 
tions and combinations thereof. 

[0029] Useful polymer materials for the film include in- 
ter alia polymer film comprising one or more of the poly- 
mer material selected from the group consisting of poly- 
olefins, such as polyethylene and poly propylene; 
polyamide, such as poly amide-imide, polyamide-1 1 (PA- 
11) , polyamide-1 2 (PA-12) and polyamide-6 (PA-6); 
polyimide (PI); 
polyurethanes; 
polyureas; 
polyesters; 
polyacetals; 

polyethers, such as polyether sulphone (PES); 
polyoxides; 

polysulfides, such as polyphenylene sulphide (PPS); 
polysulphones, such as polyarylsulphone (PAS); 
polyacrylates; 

polyethylene terephthalate (PET); 
polyether-ether-ketones (PEEK); 
polyvinyls; 
polyacrylonitrils; 

polyetherketoneketone (PEKK); and lymers of the pre- 
ceding; 

fluorous polymers such as polyvinylidene diflouride 
(PVDF), homopolymers and copolymers of vinylidene 
fluoride ("VF2 "), homopolymers and copolymers of trif- 
luoroethylene ("VF3 "), copolymers and terpolymers 
comprising two or more different members selected from 
the group consisting of VF2, VF3, chlorotrifluoroethylene, 
tetrafluoroethylene, hexafluoropropene, and hexafluor- 
oethylene. 

[0030] In one embodiment, the film layer is made from 
metal e.g. in the form of a metal film such as a film com- 
prising or consisting of aluminum, stainless steel and/or 
duplex. 

[0031] In one embodiment, the film layer is a layered 
material. The layered film may e.g. be composed of a 
metal layer and a primer layer, wherein the primer pref- 
erably may be a layer comprising C atoms. This aspect 
will be described further below. 

[0032] In one embodiment, the layered film comprises 
at least one metal layer, such as two, such as three metal 
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layers. The film layer may optionally comprise one or 
more polymeric layers. 

[0033] In one embodiment, the film layer may comprise 
metal containing compositions, such as metal oxides and 
metal halides. When using such material the film layer 
should preferably be a layered material so that the metal 
oxides and metal halides are protected from contact with 
corrosive fluids. 

[0034] The film layer may in one embodiment be a mix- 
ture of polymer with carbon and/or metal and/or metal 
containing particles. 

[0035] In orderto minimize the riskof forming gas pock- 
ets in the interfacial area of the combined polymer layer 
and film layer, these layers are bonded to each other. 
The bonding may in principle be provided by any means 
provided it is sufficiently strong to avoid the creation of 
interfacial gas pockets. 

[0036] In one embodiment, the polymer layer is bond- 
ed to the film layer via one or more bondings from the 
group of physical bondings and chemical bondings, such 
as ion bondings and covalent bondings. 
[0037] In one embodiment, it is desired that the bond- 
ing between the polymer layer and the film layer is strong- 
er than the internal bondings in one of the polymer layer 
and the film layer. 

[0038] This property may be measured by a peel test 
for tearing the film and the polymer layer from each other, 
e.g. using ASTM D3330. 

[0039] When performing the peel test it is in one em- 
bodiment desired that the bonding between the polymer 
layer and the film layer is so strong that the combined 
film/tape is not only separated along its interfacial layers, 
but that the material of at least one of the layers is torn 
up, or in other words that at least one of the layers has 
cohesion failure under the load applied during the peel 
test. 

[0040] In one embodiment, the combined film/tape has 
a peel strength using ASTM D3330 of at least 300 N/m, 
such as at least 500 N/m, such as at least 700 N/m. 
[0041] In one embodiment, where the film layer in itself 
is a layered material, e.g. of two, three or four individual 
polymer, metal or other layers, all interface bondings in- 
cluding bondings between layers of the film and bondings 
between the polymer layer and the film layer, are stronger 
than the internal bondings in one of the polymer layer 
and the film layer. The individual layers may e.g. be glued 
or pressed together, or the bonding may be obtained by 
subjecting the polymeric layer to heat to softening or even 
melting point. As another alternative the individual layers 
may be sprayed or brushed e.g. in the form of a solution 
or dispersion in a solvent, which solvent afterwards is 
allowed to evaporate. 

[0042] In one embodiment, the interface bondings(s) 
between the one or more layers is/are stronger than the 
internal bonding of the polymer layer. 
[0043] In one embodiment, the interfacial bonding be- 
tween the polymer layer and the film layer is sufficiently 
strong to prevent creation of gas pockets between the 



layers when subjected to an increased carbon dioxides 
pressure on the film side of the pipe, the increased carbon 
dioxides partial pressure e.g. being 1 bar, 5 bars 1 0, bars 
or even 50 bars. 

5 [0044] The bonding between the polymer layer and the 
film layer may e.g. be sufficiently strong to prevent cre- 
ation of gas pockets between the layers when subjected 
to an increased pressure on the film side of the pipe, 
where the pressure is 5 bar, 10 bars 50, bars or even 

10 1 00 bars or higher, and where the gas comprises at least 
1 0% by vol. of methane, at least 1 0% by vol. of hydrogen 
sulphides, and at least 1 0% by vol. of carbon dioxides. 
[0045] In one embodiment, it is desired that the film 
layer or at least the surface of the film that is facing the 

15 polymer layer comprises C atoms. Thereby an improved 
adhesion between the film layer and the polymer layer 
may be obtained, in particular if the polymer layer is sub- 
jected to a cross-linking step after being applied face to 
face with the film layer, because this cross-linking step 

20 may provide covalent bondings between the polymer lay- 
er and the C atoms of the film layer. 
[0046] In one embodiment, the surface of the film fac- 
ing the polymer layer comprises a primer. This primer 
may in principle be any type of primer that facilitates a 

25 satisfactory bonding between the polymer layer and the 
film layer. The primer may e.g. be a C atom containing 
primer. 

[0047] Thus, in one embodiment the film or the film 
with a primer comprises C atoms, and the polymer is a 
30 cross-linked polymer with bondings linking to the C atoms 
of the film. 

[0048] The optimal primer depends largely on the film 
layer material. Examples of useful primers include latex 
primers (UCAR™ Latex by DOW. Latex Metal Primer - 

35 DTM by Hytech), epoxy primers (EP420 PRIMER 
GREEN by AEROCENTER AIRCRAFT SUPPLY and 
AVIONICS), ascrylat/methacrylat primers, Rusty Metal 
Primer by Rustoleum, Metal-Prime by Hytech, Anti-rust 
primer by Plascon International Ltd, MPI #23 Surface Tol- 

^o erant Metal Primer by Bennette paint 

[0049] The primer may for example be applied by 
spraying gluing and/or pressing. Alternatively the primer 
may be a plasma deposited layer. 
[0050] The thickness of the polymer layer should pref- 

45 erably be in the interval of 4 to 25 mm. A too thin layer 
may have too low mechanical strength, whereas a too 
thick polymer layer may result in reduced flexibility of the 
final unbonded pipe. The polymer layer has a thickness 
of at least 4 mm, such as at least 6 mm, such as at least 

50 8 mm, such as at least 1 0 mm, such as at least 1 2 mm, 
and preferably the polymer layer has a thickness be- 
tween 4 and 20 mm, such as between 8 and 15 mm. 
[0051] For maintaining high flexibility while having low 
gas permeability, the polymer layer is at least 10 times 

55 as thick as the film layer, such as 50 times as thick or 
more, such as up to 1 00 times as thick. 
[0052] The film layer may thus e.g. have a thickness 
of about 25 \±m or more, such as about 1 00 |mm or more, 
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such as about 500 |mm or more, such as about 1 mm or 
less. 

[0053] In one embodiment, the film is in the form of a 
tape wound onto the pipe, where the term "tape" includes 
thin films of 1 mm or less and with a width of up to 1 0 cm. 5 
[0054] In one embodiment, the film layer is the inner- 
most layer of said film layer and said polymer layer. Since 
the film layer has a low or no gas permeability to the 
gases methane, hydrogen sulphides, carbon dioxides, 
the polymer layer is protected from these gases and the 10 
requirements to the chemically stability of the polymer 
layer is low compared with prior art polymer inner liners. 
[0055] By having a high barrier against the aggressive 
gases in the innermost layer which is thereby in direct 
contact with the fluid to be transported in the pipe, focus is 
can be put on other properties when choosing the mate- 
rial for the polymer layer. 

[0056] In an alternative embodiment, the polymer layer 
is the innermost layer which is thereby in direct contact 
with the fluid to be transported in the pipe. The film layer 20 
is thus partly protected from the aggressive fluids to be 
transported in the pipe. In this embodiment, in order to 
have an acceptable lifetime the polymer layer should 
preferably have a high chemically resistance. 
[0057] The film layer preferably has a higher diffusion 25 
barrier to methane, hydrogen sulphides, carbon dioxides 
and water than the polymer layer. 
[0058] The film layer provides a fluid permeation bar- 
rier against one or more and preferably all of the fluids 
methane, hydrogen sulphides, carbon dioxides and wa- 30 
ter, which is higher, such as least 50 % higher, such as 
least 100 % higher, such as least 500 % higher, such as 
least 1000 % higher, than the fluid permeation barrier 
provided by the polymer layer determined at 50 °C and 
a pressure difference of 50 bar. 35 
[0059] In one embodiment, the film layer is essentially 
impermeable to one or more of the fluids hydrogen sul- 
phides, methane and carbon dioxide, at a partial pressure 
for the respective fluids on the first side of the layer of 
0.03 bars or more, such as 0.1 bars or more, such as 1 40 
bar or more, such as 1 0 bars or more measured at about 
50 °C and a pressure difference of 50 bar. 
[0060] In one embodiment, the film layer is essentially 
impermeable to H20 (preferably liquid or gas), and a 
pressure difference of 50 bar. 45 
[0061] In one embodiment, the film layer is essentially 
impermeable to hydrogen sulphides at a partial pressure 
of 0.03 bars or more, such as 0.1 bars or more at a tem- 
perature of about 25 °C, preferably at a temperature of 
about 50 0 C, preferably at a temperature of about 90 0 C, 50 
preferably at a temperature of up to about 150 °C and a 
pressure difference of 50 bar. 

[0062] In one embodiment, the film layer is essentially 
impermeable to methane at a partial pressure of 1 bar or 
more, such as 1 0 bars or more at a temperature of about 55 
25 °C, preferably at a temperature of about 50 °C, pref- 
erably at a temperature of about 90 °C, preferably at a 
temperature of up to about 150 °C and a pressure differ- 



8 

ence of 50 bar. 

[0063] In one embodiment, the film layer is essentially 
impermeable to carbon dioxide, at a partial pressure of 
1 bar or more, such as 1 0 bars or more at a temperature 
of about 25 °C, preferably at a temperature of about 50 
°C, preferably at a temperature of about 90 °C, preferably 
at a temperature of up to about 150 °C and a pressure 
difference of 50 bar. 

[0064] In one embodiment, the film layer is sandwiched 
between two polymer layers. It is in this embodiment de- 
sired that at least one of the polymer layers is bonded to 
the film layer with a bonding that is stronger than the 
internal cohesion of said polymer layer. 
[0065] At least one of the polymer layers in the sand- 
wich structure and preferably both, independently of each 
other, are of a polymer selected from the group as spec- 
ified above. 

[0066] In one sandwich structure embodiment, the in- 
nermost polymer layer of the two polymer layers is PVDF 
and the polymer layer on the in radial direction outermost 
of the two polymer layer is cross-linked polyethylene 
(XLPE). In another alternative embodiment, the inner- 
most polymer layer of the two polymer layers is cross- 
linked polyethylene (XLPE). 

[0067] The tape may e.g. be a wound or folded tape, 
e.g. wound or folded directly on a carcass or wound or 
folded onto an innermost polymer layer. 
[0068] The flexible unbonded pipe may e.g. comprise 
one or more innermost unbonded armouring layers nor- 
mally referred to as a carcass. Such carcass is preferably 
a metallic carcass and is normally fluid pervious. In one 
embodiment, the carcass is of wound interlocked profiles. 
[0069] The flexible unbonded pipe of the invention 
comprises an inner liner which forms a barrier against 
the outflow of the fluid which is conveyed through the 
pipe, and one or more armouring layers on the outer side 
of the inner liner (Outer armouring layer(s)). The flexible 
pibe may comprise additional layers such as one or more 
inner armour layers to prevent the collapse of the inner 
liner. Such inner armouring layer or layers are normally 
referred to as a carcass. An outer sheath may be provided 
with the object of forming a barrier against the ingress of 
fluids from the pipe surroundings to the armour layers 
cover layer and one or more intermediate layers. At least 
one of said inner liners, intermediate layers and outer 
sheath is in the form of a combined polymer/film layer as 
described above. 

[0070] The armour layers on the outer side of the inner 
liner may e.g. be of a composite material e.g. as disclosed 
in WO 02095281 . Alternatively the armour layers may be 
of metal profiles helically wound e.g. as disclosed in WO 
0036324 and W001 81 809. 

[0071] In one embodiment, the flexible tubular pipe of 
the invention comprises at least one inner liner in the 
form of a combined polymer/film layer as described 
above and at leastone armouring layer which is not bond- 
ed to the combined polymer/film layer. 
[0072] In one embodiment, the pipe is of the type com- 
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prising at least, from the interior towards the exterior, an 
internal non-impervious metal carcass, an inner liner, a 
set of layers of reinforcement wires, and an external pro- 
tection sheath, at least one of said inner liners, interme- 
diate layers and outer sheath being in the form of a com- 5 
bined polymer/film layer as described above. 
[0073] The one or more outer armouring layers may 
preferably be in the form of helically wound steel wires 
e.g. shaped as profiles, where the individual layers may 
be wound at different winding angle relative to the pipe 10 
axis. 

[0074] In one embodiment, the flexible pipe comprises, 
from the inside to the outside, a body consisting of an 
interlocked steel tape, an inner liner in the form of a com- 
bined polymer/film layer as described above, at least one 15 
pressure armouring consisting of interlocked wires spi- 
rally wound with a small pitch (e.g. a winding at an angle 
in relation to the axis of the pipe of about 85°), at least 
one layer of traction armour wires spirally wound with a 
long pitch (e.g. a winding at an angle in relation to the 20 
axis of the pipe of about 35°). This configuration is re- 
ferred to as rough bore. 

[0075] In another embodiment, the flexible pipe com- 
prises an inner liner in the form of a combined polymer/ 
film layer as described above, a first armouring mainly 25 
withstanding the pressure generated by the fluid in the 
internal sheath, generally referred to as pressure layer, 
possibly a second armour essentially withstanding the 
traction produced notably by the pressure of the fluid. 
This variant is referred to as smooth bore. 30 
[0076] In a further embodiment, the flexible pipe com- 
prises an inner liner in the form of a combined polymer/ 
film layer as described above, an armouring (outer ar- 
mouring) placed above the inner liner, both withstanding 
longitudinal tensile stresses and the circumferential com- 35 
ponent due to the inside pressure of the fluid. Such a 
pressure armouring can comprise two layers of reverse- 
pitch spiral wires whose armouring angles are close to 
55° in relation to the axis of the pipe. The stresses due 
to the inside pressure are in this case taken up by these 40 
layers. 

[0077] The invention also relates to a method of pro- 
ducing a flexible unbonded pipe comprising the steps of 
providing at least one polymer layer and at least one film 
layer and bonding said layers to each other. 45 
[0078] The layers polymer layer and film layer may be 
bonded as disclosed above. 

[0079] The method according to the invention prefer- 
ably comprises the steps of 

50 

providing an innermost polymer layer, preferably 
around a mandrel or an inner armour layer (carcass), 
more preferably by extrusion, winding or wrapping, 

providing a film layer around said innermost polymer 55 
layer, preferably by extrusion, winding or wrapping, 

providing a second polymer layer around said film 



layer, preferably by extrusion, and 

providing a bonding between at least one of said 
polymer layers and said film layer, said bonding pref- 
erably being provided by subjecting said at least one 
polymer layer to cross-linking. 

[0080] In this method a sandwich structure as dis- 
closed above is produced. 

[0081] In a variation thereof, the method according to 
the invention comprises the steps of 

providing a film layer around a mandrel or an inner 
armour layer (carcass), preferably by extrusion, 
winding or wrapping, 

providing a polymer layer around said film layer, pref- 
erably by extrusion, and 

providing a bonding between said polymer layers 
and the film, said bonding preferably being provided 
by cross-linking of the polymer layer. 

[0082] In yet another variation thereof, the method ac- 
cording to the invention comprises the steps of 

providing the innermost layered section of the flexi- 
ble pipe comprising at least an innermost polymer 
layer and an armour layer on the outer side of said 
innermost polymer layer, 

providing a film layer around said innermost layered 
section of the flexible pipe, preferably by extrusion, 
winding or wrapping, 

providing an outer polymer layer around said film 
layer, preferably by extrusion, and 

providing a bonding between at least one of said 
polymer layers and the film, said bonding preferably 
being provided by subjecting said polymer layer to 
cross-linking. 

[0083] The film may be as disclosed above. In one em- 
bodiment, it is desired that the film e.g. the metallic film 
is treated by corona or by application of a primer for in- 
creasing bonding, said primer preferably being applied 
using CVD, spraying, dipping and/or rolling. Thereby an 
improved adhesion between the polymer layer and the 
film layer can be obtained. 

[0084] For additional adhesion it is desired that the film 
or a primer coated onto said film comprises C atoms, 
thereby covalent bondings can be provided when sub- 
jecting the polymer layer to cross-linking. 
The primer may be as disclosed above. 
[0085] The polymer layer to be cross-linked may pref- 
erably be as in the co pending application PCT/DK 
03/001 91 , and may therefore preferably be, subjected to 
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cross-linking using IR radiation. 

[0086] In one embodiment, it is thus desired that at 
least one polymer layer is cross-linked after being applied 
in contact with the film, which film preferably comprises 
C-atoms. 5 

EXAMPLES 



Example 2 

[0093] A pipe is produced as in example 1 with the 55 
difference that a film as disclosed in example 1 is provid- 
ed onto the traction armour wires and that the outer 
sheath is a 6 mm polyethylene as disclosed in example 



1 and that the polyethylene of the outer sheath is sub- 
jected to an irradiation after the extrusion thereof. 

Example 3 

[0094] A pipe is produced as in example 1 with the 
difference that a polymer layer of PVDF is applied by 
extrusion directly onto the carcass and that the film is 
onto the PVDF layer. 



Aflexible unbonded pipe comprising at leastone pol- 
ymer layer having a thickness of 4 mm or more and 
one film layer having a thickness of 1 mm or less, 
said polymer layer being at least 10 times as thick 
as the film, said film layer provides a fluid permeation 
barrier against one or more of the fluids methane, 
hydrogen sulphides, carbon dioxide and water, 
which is higher than the fluid permeation barrier pro- 
vided by the polymer layer determined at 50 °C and 
a pressure difference of 50 bars, and said polymer 
layer being bonded to said film layer. 

A flexible pipe according to claim 1 wherein the pol- 
ymer layer comprises at least 50 % by weight of one 
or more of the polymers selected from the group con- 
sisting of polyolefins; polyamide; polyimide (PI); 
polyurethanes; polyureas; polyesters; polyacetals; 
polyethers; polyoxides; polysulfides; polysulphones; 
polyacrylates; polyethylene terephthalate (PET); 
polyether-ether-ketones (PEEK); polyvinyls; poly- 
acrylonitrils; polyetherketoneketone (PEKK); copol- 
ymers of the preceding and fluorous polymers. 

A flexible pipe according to claim 1 wherein the pol- 
ymer layer is cross-linked polyethylene (XLPE). 

A flexible pipe according to any one of the claims 1 
and 2 wherein the film layer is selected from mate- 
rials of the group consisting of polymer, metal, metal 
containing compositions and combinations thereof. 

A flexible pipe according to claim 4 wherein the film 
layer is a polymer film comprising one or more of the 
polymer material selected from the group consisting 
of polyolefins; polyamide; polyimide (PI); poly- 
urethanes; polyureas; polyesters; polyacetals; poly- 
ethers; polyoxides; polysulfides; polysulphones; 
polyacrylates; polyethylene terephthalate (PET); 
polyether-ether-ketones (PEEK); polyvinyls; poly- 
acrylonitrils; polyetherketoneketone (PEKK); copol- 
ymers of the preceding and fluorous polymers. 

6. A flexible pipe according to claim 4 wherein the film 
layer is a metal film. 



Example 1 wc 

10 

[0087] A self-interlocking carcass of 6" inner diameter 
(15.2 cm) is produced. The outer diameter of this steel CI 
carcass is approximately 16.7 cm. Onto the carcass a 
tape consisting of a 0.1 mm thick steel coated with an 1. 
acrylat/methacrylat primer is wound. The tape has a is 
width of5cmand is wound with an overlap of about4 mm. 
[0088] Onto the tape a polymer layer in the form of a 
polyethylene is extruded. The carcass with tape is fed 
into the centre of a crosshead tool. In this tool, the poly- 
ethylene melt is distributed in a pipe type tool and upon 20 
the exit of the crosshead is drawn onto the carcass with 
tape in approx. 6 mm thickness at a line speed of 0.48 
to 0.55 meters/minute. 

[0089] The extruder is a conventional polyethylene sin- 
gle screw extruder with a 120 mm screw diameter and 25 
an L/D ratio of 30, with a standard screw. The extrusion 2. 
process is found not to be temperature sensitive. The 
temperature setting on the heating zones of the extruder 
and head ranges from 150 to 165°C, and melt tempera- 
ture is typically 160°C. 30 
The polyethylene is a mixture of 90% HD-PE, grade 5621 
from Basell and 10% UHW-PE powder, grade HE 2591 
from Borealis. The additives are a mixture of 0.45% 
DYBP from Degussa and 0.40% Irganox XP621 from Ci- 
ba. DYBP (2,5-dimethyl hexine-3 2,5-di-t-butyl peroxide) 35 
is the peroxide which induces cross-linking of the PE. 
DYBP is activated by infrared radiation (DYBP may also 3. 
be activated by heat at 180°C, thus the temperature in 
the extruder should not at any time exceed 1 75 °C). Irga- 
nox is an antioxidant. The material is fed into the extruder 40 4. 
as a premix. 

[0090] After the extrusion the pipe passes through an 
I R oven with a capacity of 75 kW. Residence time in the 
oven is 30-60 seconds. 

[0091] After this the carcass with inner liner is cooled 45 5. 
with water and led through a caterpillar. 
[0092] Thereafter a pressure armouring consisting of 
interlocked wires was spirally wound with a small pitch 
and a traction armour wire spirally wound with a long 
pitch, and finally the pipe was coated with an outer sheet 50 
provided by extrusion. 
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7. A flexible pipe according to claim 4 wherein the film 
layer is a layered material comprising at least one 
metal layer. 

8. A flexible pipe according to claim 4 wherein the film 
layer comprises metal containing compositions. 

9. A flexible pipe according to any one of the claims 4-8 
wherein the film layer comprises a mixture of polymer 
with carbon and/or metal and/or metal containing 
particles. 

1 0. A flexible pipe according to any one of the preceding 
claims wherein the polymer layer is bonded to the 
film layer via one or more bondings from the group 
of chemical bondings and physical bondings. 

1 1 . A flexible pipe according to any one of the preceding 
claims wherein the polymer layer is bonded to the 
film layer via one or more bondings including at least 
one of the chemical bondings, ion bondings andcov- 
alent bondings. 

1 2. A flexible pipe according to any one of the preceding 
claims wherein the bonding between the polymer 
layer and the film layer is stronger than the internal 
bondings in one of the polymer layer and the film 
layer. 

1 3. A flexible pipe according to claim 1 2 wherein the film 
layer is a layered material, all interface bondings in- 
cluding bondings between layers of the film and 
bonding between the polymer layer and the film lay- 
er, are stronger than the internal bondings in one of 
the polymer layer and the film layer. 

14. A flexible pipe according to claims 12 or 13 wherein 
the interface bonding(s) is/are stronger than the in- 
ternal bonding of the polymer layer. 

1 5. A flexible pipe according to any one of the preceding 
claims wherein the interfacial bonding between the 
polymer layer and the film layer is sufficiently strong 
to prevent creation of gas pockets between the lay- 
ers when subjected to an increased carbon dioxides 
pressure on the film side of the pipe, the increased 
carbon dioxides pressure being 1 bar or more. 

1 6. A flexible pipe according to any one of the preceding 
claims wherein the bonding between the polymer 
layer and the film layer has a peel strength using 
ASTM D3330 of at least 300 N/m. 

1 7. A flexible pipe according to any one of the preceding 
claims wherein the bonding between the polymer 
layer and the film layer is stronger than the cohesive 
forces in one of the polymer layer and the film layer 
measured by 90 ° peel test. 



1 8. A flexible pipe according to any one of the preceding 
claims wherein the surface of the film facing the pol- 
ymer layer comprises a primer. 

5 19. A flexible pipe according to any one of the preceding 
claims wherein the polymer layer has a thickness of 
at least 6 mm. 

20. A flexible pipe according to any one of the preceding 
10 claims wherein the polymer layer is 50 times as thick 

or more than the film layer. 

21 . A flexible pipe according to any one of the preceding 
claims whereinthefilm layer has a thickness of about 

15 25 |mm or more. 

22. A flexible pipe according to any one of the preceding 
claims wherein the film layer provides a fluid perme- 
ation barrier against one or more of the fluids meth- 

20 ane, hydrogen sulphides, carbon dioxides and wa- 
ter, which is as least 50 % higher than the fluid per- 
meation barrier provided by the polymer layer deter- 
mined at 50 °C and a pressure difference of 50 bar. 

25 23. A flexible pipe according to claim 22 wherein the film 
layer provides a fluid permeation barrier against all 
of the fluids methane, hydrogen sulphides, carbon 
dioxides and water, which is higher than the fluid 
permeation barrier provided by the polymer layer de- 

30 terminedat50 °C and a pressure difference of 50 bar. 

24. A flexible pipe according to any one of the claims 22 
and 23 wherein the film layer is essentially imperme- 
able to one or more of the fluids hydrogen sulphides, 
35 methane and carbon dioxide, at a partial pressure 
for the respective fluids on the first side of the layer 
of 0.03 bars or more measured at about 50 °C and 
a pressure difference of 50 bar. 

40 25. A flexible pipe according to any one of the claims 22 
and 23 wherein the film layer is essentially imperme- 
able to H20 at a pressure difference of 50 bar. 

26. A flexible pipe according to any one of the claims 
45 22-25 wherein the film layer is essentially imperme- 
able to hydrogen sulphides at a partial pressure of 
0.03 bars or more at a temperature of about 25 °C 
and a pressure difference of 50 bar. 



50 27. A flexible pipe according to any one of the claims 
22-26 wherein the film layer is essentially imperme- 
able to methane at a partial pressure of 1 bar or more 
at a temperature of about 25 °C and a pressure dif- 
ference of 50 bar. 

55 

28. A flexible pipe according to any one of the claims 
22-27 wherein the film layer is essentially imperme- 
able to carbon dioxide, at a partial pressure of 1 bar 
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or more at a temperature of about 25 ° C and a pres- 
sure difference of 50 bar. 

29. A flexible pipe according to any one of the preceding 
claims wherein said film layer is the innermost layer 5 
of said film layer and said polymer layer. 

30. A flexible pipe according to any one of the preceding 
claims wherein said film layer is sandwiched be- 
tween two polymer layers. 10 

31 . A flexible pipe according to claim 30 wherein the in- 
nermost polymer layer of the two polymer layers is 
selected from the group consisting of polyolefins; 
polyamide; polyimide (PI); polyurethanes; polyure- 15 
as; polyesters; polyacetals; polyethers; polyoxides; 
polysulfides; polysulphones; polyacrylates; polyeth- 
ylene terephthalate (PET); polyether-ether-ketones 
(PEEK); polyvinyls; polyacrylonitrils; polyetherke- 
toneketone (PEKK); copolymers of the preceding 20 
and fluorous polymers. 

32. A flexible pipe according to claim 31 wherein the in- 
nermost polymer layer of the two polymer layers be- 
ing PVDF and the polymer layer on the in radial di- 25 
rection outermost of the two polymer layer is cross- 
linked polyethylene (XLPE). 

33. A flexible pipe according to claim 31 wherein the in- 
nermost polymer layer of the two polymer layers is 30 
cross-linked polyethylene (XLPE). 

34. A flexible pipe according to any one of the preceding 
claims wherein the film is in the form of a tape wound 
around and optionally bonded to an innermost poly- 35 
mer layer. 



35. A flexible pipe according to any one of the preceding 
claims 1 -33 wherein the film is in the form of a tape 
folded around and optionally bonded to an innermost 
polymer layer. 

36. A flexible pipe according to any one of the preceding 
claims wherein said film or said film with a primer 
comprises C atoms, the polymer being across-linked 
polymer with bondings linking to the C atoms of the 
film. 

37. A flexible pipe according to any one of the preceding 
claims wherein said pipe comprises one or more in- 
nermost unbonded armouring layers. 

38. A flexible pipe according to any one of the preceding 
claims wherein said pipe comprises one or more un- 
bonded armouring layers on the outer side of the 
polymer layer bonded to said film layer. 

39. A method of producing a flexible unbonded pipe as 



defined in any one of the claims 1-38, said method 
comprising the steps of providing at least one poly- 
mer layer having a thickness of 4 mm or more and 
at least one film layer having a thickness of 1 mm or 
less, said polymer layer being at least 10 times as 
thick as the film, said film layer provides a fluid per- 
meation barrier against one or more of the fluids 
methane, hydrogen sulphides, carbon dioxide and 
water, which is higher than the fluid permeation bar- 
rier provided by the polymer layer determined at 50 
°C and a pressure difference of 50 barsand bonding 
said layers to each other. 

40. A method according to claim 39, said method com- 
prising the steps of 

- providing an innermost polymer layer, 

- providing a film layer around said innermost 
polymer layer, 

- providing a second polymer layer around said 
film layer, and 

- providing a bonding between at least one of 
said polymer layers and said film layer, said 
bonding being provided by subjecting said at 
least one polymer layer to cross-linking. 

41. A method according to claim 39, said method com- 
prising the steps of 

- providing a film layer around a mandrel or an 
inner armour layer (carcass), 

- providing a polymer layer around said film lay- 
er, and 

- providing a bonding between said polymer lay- 
ers and the film, said bonding being provided by 
cross-linking of the polymer layer. 

42. A method according to claim 39, said method com- 
prising the steps of 

40 

- providing the innermost layered section of the 
flexible pipe comprising at least an innermost 
polymer layer and an armour layer on the outer 
side of said innermost polymer layer, 

45 - providing a film layer around said innermost 

layered section of the flexible pipe, 

- providing an outer polymer layer around said 
film layer, and 

- providing a bonding between at least one of 
50 said polymer layers and the film layer, said bond- 
ing being provided by subjecting said polymer 
layer to cross-linking. 

43. A method according to any one of the claims 39-42 
55 wherein the film layer is treated by corona or by ap- 
plication of a primer for increasing bonding. 

44. A method according to any one of the claims 39-43 
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wherein the film layer or a primer coated onto said 
film comprises C atoms. 

45. A method according to any one of the claims 39-44 
wherein at least one polymer layer is cross-linked 5 
after being applied in contact with the film layer. 

46. A method according to any one of the claims 39-45 
wherein the film layer is or comprises a metal tape 
with a primer. 10 



Patentanspruche 

1. Flexibles unverbundenes Rohr mit wenigstens einer 15 
Polymerschicht einer Dicke von 4 mm oder mehr und 
einer Filmschicht einer Dicke von 1 mm oder weni- 
ger, wobei die Polymerschicht mindestens zehnmal 

so dick ist wie der Film, die Filmschicht eine Fluid- 
durchlassigkeitssperre gegen eines oder mehrere 20 
der Fluide Methan, Schwefelwasserstoff, Kohlendi- 
oxid und Wasser darstellt, die groGer ist als die Fluid- 
durchlassigkeitssperre der Polymerschicht bei 50 °C 
und einem Druckunterschied von 50 bar, und wobei 
die Polymerschicht mit der Filmschicht verbunden 25 
ist. 

2. Flexibles Rohr nach Anspruch 1 , wobei die Polymer- 
schicht wenigstens 50 Gew.-% wenigstens eines der 
aus der folgenden Gruppe ausgewahlten Polymere 30 
aufweist: Polyolefin, Polyamid, Polyimid (PI), Poly- 
urethan, Polyharnstoff, Polyester, Polyacetal, Polye- 
ther, Polyoxid, Polysulfid, Polysulphon, Polyacrylat, 
Polyethylenterephthalat (PET), Polyetheretherke- 

ton (PEEK), Polyvinyl, Polyacrylonitril, Polyetherke- 35 
tonketon (PEKK), sowie Copolymere der vorstehen- 
den Polymere und Fluorpolymere. 

3. Flexibles Rohr nach Anspruch 1 , wobei die Polymer- 
schicht quervernetztes Polyethylen (XLPE) ist. 40 

4. Flexibles Rohr nach Anspruch 1 oder 2, wobei die 
Filmschicht aus Materialien aus der folgenden Grup- 
pe ausgewahlt ist: Polymere, Metalle, sowie Metalle, 

die Zusammensetzungen und Kombinationen da- 45 
von enthalten. 

5. Flexibles Rohr nach Anspruch 4, wobei die Film- 
schicht ein Polymerfilm aus wenigstens einem aus 
der folgenden Gruppe ausgewahlten Polymermate- so 
rial ist: Polyolefin, Polyamid, Polyimid (PI), Polyu- 
rethan, Polyharnstoff, Polyester, Polyacetal, Polye- 
ther, Polyoxid, Polysulfid, Polysulphon, Polyacrylat, 
Polyethylenterephthalat (PET), Polyetheretherke- 

ton (PEEK), Polyvinyl, Polyacrylonitril, Polyetherke- 55 
tonketon (PEKK), sowie Copolymere der vorstehen- 
den Polymere und Fluorpolymere. 



6. Flexibles Rohr nach Anspruch 4, wobei die Film- 
schicht ein Metallfilm ist. 

7. Flexibles Rohr nach Anspruch 4, wobei die Film- 
schicht ein Schichtmaterial mit wenigstens einer Me- 
tallschicht ist. 

8. Flexibles Rohr nach Anspruch 4, wobei die Film- 
schicht Metall enthaltende Zusammensetzungen 
aufweist. 

9. Flexibles Rohr nach einem der Anspruche 4 bis 8, 
wobei die Filmschicht eine Mischung eines Polymers 
mit Kohlenstoff und/oder Metall und/oder Metall ent- 
haltenden Teilchen aufweist. 

10. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Polymerschicht uber eine oder 
mehrere Verbindungen aus der Gruppe chemischer 
und physikalischer Verbindungen mit der Film- 
schicht verbunden ist. 

11. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Polymerschicht uber chemische 
Verbindungen, lonenverbindungen und/oder kova- 
lente Verbindungen mit der Filmschicht verbunden 
ist. 

12. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Verbindung zwischen der Poly- 
merschicht und der Filmschicht starker ist als die in- 
ternen Verbindungen in der Polymerschicht oder der 
Filmschicht. 

13. Flexibles Rohr nach Anspruch 12, wobei die Film- 
schicht ein Schichtmaterial ist und alle Schnittstel- 
lenverbindungen, einschlieGlich der Verbindungen 
zwischen den Schichten des Films und der Verbin- 
dung zwischen der Polymerschicht und der Film- 
schicht, starker sind als die internen Verbindungen 
in der Polymerschicht oder der Filmschicht. 

1 4. Flexibles Rohr nach Anspruch 1 2 oder 1 3, wobei die 
Schnittstellenverbindung(en) starker ist/sind als die 
internen Verbindungen der Polymerschicht. 

15. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Schnittstellenverbindung zwi- 
schen der Polymerschicht und der Filmschicht aus- 
reichend stark ist, urn die Erzeugung von 
Gaseinschlussen zwischen den Schichten zu ver- 
meiden, wenn die Verbindung einem erhohten Koh- 
lendioxiddruck auf der Filmseite des Rohrs ausge- 
setzt wird, der 1 bar oder mehr betragt. 

16. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Verbindung zwischen der Poly- 
merschicht und der Filmschicht eine Haftfestigkeit 
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gemaG ASTM D3330 von wenigstens 300 N/m auf- 
weist. 

17. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Verbindung zwischen der Poly- 5 
merschicht und der Filmschicht starker ist als die bei 
einem 90 ° -Abschaltestgemessenen Kohasionskraf- 

te in der Polymerschicht oder der Filmschicht. 

18. Flexibles Rohr nach einem der vorstehenden An- 10 
spruche, wobei die der Polymerschicht gegenuber- 
liegende Flache des Films einen Primer aufweist. 

19. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Polymerschicht eine Dicke von 15 
wenigstens 6 mm aufweist. 

20. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Polymerschicht mindestens 50- 
mal so dick ist wie die Filmschicht. 20 

21. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Filmschicht eine Dicke von etwa 
25 |mm oder mehr aufweist. 

25 

22. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Filmschicht eine Fluiddurchlas- 
sigkeitssperre gegen wenigstens eines der Fluide 
Methan, Schwefelwasserstoff, Kohlendioxid und 
Wasser darstellt, die wenigstens 50% groGer ist als 30 
die Fluiddurchlassigkeitssperre der Polymerschicht 

bei 50 °C und einem Druckunterschied von 50 bar. 

23. Flexibles Rohr nach Anspruch 22, wobei die Film- 
schicht eine Fluiddurchlassigkeitssperre gegen die 35 
Fluide Methan, Schwefelwasserstoff, Kohlendioxid 
und Wasser darstellt, die groGer ist als die Fluid- 
durchlassigkeitssperre der Polymerschicht bei 50 °C 
und einem Druckunterschied von 50 bar. 

40 

24. Flexibles Rohr nach Anspruch 22 oder 23, wobei die 
Filmschicht im wesentlichen undurchlassig fur eines 
oder mehrere der Fluide Schwefelwasserstoff, Me- 
than und Kohlendioxid bei einem Partialdruck fQrdas 
jeweilige Fluid auf der ersten Seite der Schicht von 45 
0,03 bar oder mehr gemessen bei 50°C und einem 
Druckunterschied von 50 bar ist. 

25. Flexibles Rohr nach Anspruch 22 oder 23, wobei die 
Filmschicht im wesentlichen undurchlassig fur H 2 0 50 
bei einem Druckunterschied von 50 bar ist. 

26. Flexibles Rohr nach einem der Anspruche 22 bis 25, 
wobei die Filmschicht im wesentlichen undurchlas- 
sig fur Schwefelwasserstoff bei einem Partialdruck 55 
von 0,03 bar oder mehr bei einer Temperatur von 
etwa 25 °C und einem Druckunterschied von 50 bar 

ist. 



27. Flexibles Rohr nach einem der Anspruche 22 bis 26, 
wobei die Filmschicht im wesentlichen undurchlas- 
sig fur Methan bei einem Partialdruck von minde- 
stens 1 bar bei einer Temperatur von etwa 25 0 C und 
einem Druckunterschied von 50 bar ist. 

28. Flexibles Rohr nach einem der Anspruche 22 bis 27, 
wobei die Filmschicht im wesentlichen undurchlas- 
sig fur Kohlendioxid bei einem Partialdruck von 1 bar 
oder mehr bei einer Temperatur von etwa 25° C und 
einem Druckunterschied von 50 bar ist. 

29. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Filmschicht die innerste Schicht 
der Filmschicht und der Polymerschicht darstellt. 

30. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei die Filmschicht zwischen den zwei 
Polymerschichten angeordnet ist. 

31 . Flexibles Rohr nach Anspruch 30, wobei die innerste 
Polymerschicht der zwei Polymerschichten ausge- 
wahlt ist aus der Gruppe bestehend aus: Polyolefin, 
Polyamid, Polyimid (PI), Polyurethan, Polyharnstoff, 
Polyester, Polyacetal, Polyether, Polyoxid, Polysul- 
fid, Polysulphon, Polyacrylat, Polyethylenterephtha- 
lat (PET), Polyetheretherketon (PEEK), Polyvinyl, 
Polyacrylonitril, Polyetherketonketon (PEKK),sowie 
Copolymere der vorstehenden Polymereund Fluor- 
polymere. 

32. Flexibles Rohr nach Anspruch 31 , wobei die innerste 
Polymerschicht derzwei Polymerschichten PVDF ist 
und die in radialer Richtung auGerste Polymer- 
schicht der zwei Polymerschichten quervernetztes 
Polyethylen (XLPE) ist. 

33. Flexibles Rohr nach Anspruch 31 , wobei die innerste 
Polymerschicht der zwei Polymerschichten querver- 
netztes Polyethylen (XLPE) ist. 

34. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei der Film in Form eines umgewickel- 
ten Bandes vorliegt und optional mit der innersten 
Polymerschicht verbunden ist. 

35. Flexibles Rohr nach einem der Anspruche 1 bis 33, 
wobei der Film in Form eines umgefalteten Bandes 
vorliegt und optional mit der innersten Polymer- 
schicht verbunden ist. 

36. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei der Film oder der Film mit einem Pri- 
mer C-Atome aufweist, und das Polymer ein quer- 
vernetztes Polymer mit Verbindungen ist, die die C- 
Atome des Films verbinden. 

37. Flexibles Rohr nach einem der vorstehenden An- 
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spruche, wobei das Rohr mindestens eine innerste 
unverbundene Armierungsschicht aufweist. 

38. Flexibles Rohr nach einem der vorstehenden An- 
spruche, wobei das Rohr eine oder mehrere unver- 5 
bundene Armierungsschichten an der AuGenseite 
der mitderFilmschichtverbundenen Polymerschicht 
aufweist. 

39. Verfahren zum Herstellen eines flexiblen unverbun- 10 
denen Rohrs gemaG einem der Anspruche 1 bis 38, 
wobei in dem Verfahren wenigstens eine Polymer- 
schicht mit einer Dicke von 4 mm oder mehr und 
wenigstens eine Filmschicht mit einer Dicke von 1 
mm oder weniger bereitgestellt wird, wobei die Po- 15 
lymerschicht wenigstens zehnmal so dick ist wie der 
Film und die Filmschicht eine Fluiddurchlassigkeits- 
sperre gegen wenigstens eines der Fluide Methan, 
Schwefelwasserstoff, Kohlendioxid und Wasser auf- 
weist, die groGer ist als die Fluiddurchlassigkeits- 20 
sperre der Polymerschicht bei 50°C und einem 
Druckunterschied von 50 bar, und wobei die Schich- 

ten miteinander verbunden werden. 

40. Verfahren gemaG Anspruch 39, wobei 25 
eine innerste Polymerschicht vorgesehen wird, 

eine Filmschichtumdie innerste Polymerschicht vor- 
gesehen wird, 

eine zweite Polymerschicht urn die Filmschicht vor- 
gesehen wird, und 30 
eine Verbindung zwischen wenigstens einer der Po- 
lymerschichten und der Filmschicht vorgesehen 
wird, indem die wenigstens eine Polymerschicht ei- 
ner Quervernetzung unterzogen wird. 

35 

41. Verfahren nach Anspruch 39, wobei 

eine Filmschicht urn einen Dorn oder eine innere Ar- 
mierungsschicht (Karkasse) vorgesehen wird, 
eine Polymerschicht urn die Filmschicht vorgesehen 
wird, und 40 
eine Verbindung zwischen den Polymerschichten 
und dem Film vorgesehen wird, wobei die Verbin- 
dung durch eine Quervernetzung der Polymer- 
schicht hergestellt wird. 

45 

42. Verfahren nach Anspruch 39, wobei 

der innerste Schichtabschnitt des flexiblen Rohrs mit 
wenigstens einer innersten Polymerschicht und ei- 
ner Armierungsschicht an der Au Genseite der inner- 
sten Polymerschicht vorgesehen wird, 50 
eine Filmschicht urn den innersten Schichtabschnitt 
des flexiblen Rohrs vorgesehen wird, 
eine auGere Polymerschicht urn die Filmschicht vor- 
gesehen wird, und 

eine Verbindung zwischen wenigstens einer der Po- 55 
lymerschichten und der Filmschicht vorgesehen 
wird, indem die Polymerschicht einer Quervernet- 
zung unterzogen wird. 



43. Verfahren nach einem der Anspruche 39 bis 42, wo- 
bei die Filmschicht durch Korona oder die Anwen- 
dung eines Primers zum Verstarken der Verbindung 
behandelt wird. 

44. Verfahren nach einem der Anspruche 39 bis 43, wo- 
bei die Filmschicht oder ein den Film uberziehender 
Primer C-Atome aufweist. 

45. Verfahren nach einem der Anspruche 39 bis 44, wo- 
bei wenigstens eine Polymerschicht nach deren An- 
bringung in Kontakt mit der Filmschicht quervernetzt 
wird. 

46. Verfahren nach einem der Anspruche 39 bis 45, wo- 
bei die Filmschicht ein Metallband mit einem Primer 
darstellt oder dieses aufweist. 



Revendications 

1 . Tuyau flexible non lie comprenant au moins une cou- 
che de polymere ayant une epaisseur de 4 mm ou 
plus et une couche de film ayant une epaisseur de 
1 mm ou moins, ladite couche de polymere etant au 
moins 1 0 fois plus epaisse que le film, ladite couche 
de film fournit une barriere contre la permeation de 
fluides contre un ou plusieurs des fluides methane, 
sulfures d'hydrogene, dioxyde de carbone et eau, 
qui est superieure a la barriere contre la permeation 
de fluides fournie par la couche de polymere deter- 
minee a 50 0 C et a une difference de pression de 50 
bar, et ladite couche de polymere etant liee a ladite 
couche de film. 

2. Tuyau flexible selon la revendication 1 , dans lequel 
la couche de polymere comprend au moins 50 % en 
poids d'un ou de plusieurs des polymeres choisis 
dans le groupe constitue par les polyolefines ; le 
polyamide ; lepolyimide (PI) ; lespolyurethanes ;les 
polyurees ; les polyesters ; les polyacetals ; les 
polyethers ; les polyoxydes ; les polysulfures ; les 
polysulfones ; les polyacrylates ; le terephtalate de 
polyethylene (PET) ; les polyether-ether-cetones 
(PEEK) ; les polyvinyles ; les polyacrylonitriles ; la 
polyethercetonecetone (PEKK) ; les copolymeres 
de ceux-ci et les polymeres fluores. 

3. Tuyau flexible selon la revendication 1 , dans lequel 
la couche de polymere est le polyethylene reticule 
(XLPE). 

4. Tuyau flexible selon Tune quelconque des revendi- 
cations 1 et 2, dans lequel la couche de film est choi- 
sie parmi les materiaux du groupe constitue par un 
polymere, un metal, des compositions contenant un 
metal et des combinaisons de ceux-ci. 
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5. Tuyau flexible selon la revendication 4, dans lequel 
la couche de film est un film polymere comprenant 
un ou plusieurs des materiaux polymeres choisis 
dans le groupe constitue par les polyolefines ; le 
polyamide ; lepolyimide (PI) ; les polyurethanes ; les 
polyurees ; les polyesters ; les polyacetals ; les 
polyethers ; les polyoxydes ; les polysulfures ; les 
polysulfones ; les polyacrylates ; le terephtalate de 
polyethylene (PET) ; les polyether-ether-cetones 
(PEEK) ; les polyvinyls ; les polyacrylonitriles ; la 
polyethercetonecetone (PEKK) ; les copolymeres 
de ceux-ci et les polymeres fluores. 

6. Tuyau flexible selon la revendication 4, dans lequel 
la couche de film est un film metallique. 

7. Tuyau flexible selon la revendication 4, dans lequel 
la couche de film est un materiau stratifie compre- 
nant au moins une couche metallique. 

8. Tuyau flexible selon la revendication 4, dans lequel 
la couche de film comprend des compositions con- 
tenant du metal. 

9. Tuyau flexible selon Tune quelconque des revendi- 
cations4 a 8, dans lequel la couche de film comprend 
un melange de polymere avec des particules de car- 
bone et/ou de metal et/ou contenant du metal. 

10. Tuyau flexible selon Tune quelconque des revendi- 
cations precedentes, dans lequel la couche de po- 
lymere est liee a la couche de film via une ou plu- 
sieurs liaisons du groupe constitue par les liaisons 
chimiques et les liaisons physiques. 

11. Tuyau flexible selon Tune quelconque des revendi- 
cations precedentes, dans lequel la couche de po- 
lymere est liee a la couche de film via une ou plu- 
sieurs liaisons comprenant au moins une des 
liaisons chimiques, des liaisons ioniques et des 
liaisons covalentes. 

12. Tuyau flexible selon Tune quelconque des revendi- 
cations precedentes, dans lequel la liaison entre la 
couche de polymere et la couche de film est plus 
resistante que les liaisons internes dans Tune de la 
couche de polymere et de la couche de film. 

13. Tuyau flexible selon la revendication 12, dans lequel 
la couche de film est un materiau stratifie, et toutes 
les liaisons d'interface y compris les liaisons entre 
les couches du film et la liaison entre la couche de 
polymere et la couche de film, sont plus resistantes 
que les liaisons internes dans Tune de la couche de 
polymere et de la couche de film. 

14. Tuyau flexible selon les revendications 12 ou 13, 
dans lequel la (les) liaison(s) d'interface est/sontplus 



resistantes que la liaison interne de la couche de 
polymere. 

15. Tuyau flexible selon Tune quelconque des revendi- 
5 cations precedentes, dans lequel la liaison d'interfa- 
ce entre la couche de polymere et la couche de film 
est suffisamment resistante pour empecher la crea- 
tion de poches de gaz entre les couches lorsqu'elles 
sont soumises a une pression des dioxydes de car- 

10 bone accrue sur le cote de film du tuyau, la pression 

des dioxydes de carbone accrue etant de 1 bar ou 
plus. 

16. Tuyau flexible selon I'une quelconque des revendi- 
15 cations precedentes, dans lequel la liaison entre la 

couche de polymere et la couche de film a une re- 
sistance au decollement en utilisant ASTM D3330 
d'au moins 300 N/m. 

20 17. Tuyau flexible selon I'une quelconque des revendi- 
cations precedentes, dans lequel la liaison entre la 
couche de polymere et la couche de film est plus 
resistante que les forces cohesives dans I'une de la 
couche de polymere et de la couche de film mesuree 

25 par un test de decollement a 90°. 

18. Tuyau flexible selon I'une quelconque des revendi- 
cations precedentes, dans lequel la surface du film 
faisant face a la couche de polymere comprend un 

30 appret. 

19. Tuyau flexible selon I'une quelconque des revendi- 
cations precedentes, dans lequel la couche de po- 
lymere a une epaisseur d'au moins 6 mm. 

35 

20. Tuyau flexible selon I'une quelconque des revendi- 
cations precedentes, dans lequel la couche de po- 
lymere estSOfoisplusepaisseou plus que la couche 
de film. 

40 

21. Tuyau flexible selon I'une quelconque des revendi- 
cations precedentes, dans lequel la couche de film 
a une epaisseur d'environ 25 lutm ou plus. 

^5 22. Tuyau flexible selon I'une quelconque des revendi- 
cations precedentes, dans lequel la couche de film 
fournit une barriere contre la permeation de fluides 
contre un ou plusieurs des fluides methane, sulfures 
d'hydrogene, dioxydes de carbone et eau, qui est 
50 superieure d'au moins 50 % a la barriere contre la 
permeation de fluides fournie par la couche de po- 
lymere determinee a 50° C et a une difference de 
pression de 50 bar. 

55 23. Tuyau flexible selon la revendication 22, dans lequel 
la couche de film fournit une barriere contre la per- 
meation de fluides contre tous les fluides methane, 
sulfures d'hydrogene, dioxydes de carbone et eau, 
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qui est superieure a la barriere contre la permeation 
de fluides fournie par la couche de polymere deter- 
minee a 50 ° C et a une difference de pression de 50 
bar. 

24. Tuyau flexible selon I'une quelconque des revendi- 
cations 22 et 23, dans lequel la couche de film est 
substantiellement impermeable a un ou plusieurs 
des fluides sulfures d'hydrogene, methane, et dioxy- 
de de carbone, a une pression partielle pour les flui- 
des respectifs sur le premier cote de la couche de 
0,03 bar ou plus mesuree a environ 50° C et une 
difference de pression de 50 bar. 

25. Tuyau flexible selon I'une quelconque des revendi- 
cations 22 et 23, dans lequel la couche de film est 
substantiellement permeable a l'H 2 0 a une differen- 
ce de pression de 50 bar. 

26. Tuyau flexible selon I'une quelconque des revendi- 
cations 22 a 25, dans lequel la couche de film est 
substantiellement impermeable aux sulfures d'hy- 
drogene a une pression partielle de 0,03 barou plus 
a une temperature d'environ 25° C et une difference 
de pression de 50 bar. 

27. Tuyau flexible selon I'une quelconque des revendi- 
cations 22 a 26, dans lequel la couche de film est 
substantiellement impermeable au methane a une 
pression partielle de 1 barou plus a une temperature 
d'environ 25° C et une difference de pression de 50 
bar. 

28. Tuyau flexible selon I'une quelconque des revendi- 
cations 22 a 27, dans lequel la couche de film est 
substantiellement permeable au dioxyde de carbo- 
ne, a une pression partielle de 1 bar ou plus a une 
temperature d'environ 25° C et une difference de 
pression de 50 bar. 

29. Tuyau flexible selon I'une quelconque des revendi- 
cations precedentes, dans lequel ladite couche de 
film est la couche la plus a I'interieur de ladite couche 
de film et ladite couche de polymere. 

30. Tuyau flexible selon I'une quelconque des revendi- 
cations precedentes, dans lequel ladite couche de 
film est prise en sandwich entre deux couches de 
polymere. 

31 . Tuyau flexible selon la revendication 30, dans lequel 
la couche de polymere la plus a I'interieur des deux 
couches de polymere est choisie dans le groupe 
constitue par les polyolefines ; le polyamide ; le po- 
lyimide (PI) ; les polyurethanes ; les polyurees ; les 
polyesters ; les polyacetals ; les polyethers ; les 
polyoxydes ; les polysulfures ; les polysulfones ; les 
polyacrylates ; le terephtalate de polyethylene 
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(PET) ; les polyether-ether-cetones (PEEK) ; les 
polyvinyles ; les polyacrylonitriles ; la polyetherceto- 
necetone (PEKK) ; les copolymeres de ceux-ci et les 
polymeres fluores. 

5 

32. Tuyau flexible selon la revendication 31 , dans lequel 
la couche de polymere la plus a I'interieur des deux 
couches de polymere est le PVDF et la couche de 
polymere la plus a I'exterieur dans le sens radial des 

10 deux couches de polymere est du polyethylene re- 
ticule (XLPE). 

33. Tuyau flexible selon la revendication 31 , dans lequel 
la couche de polymere la plus a I'interieur des deux 

15 couches de polymere est du polyethylene reticule 
(XLPE). 

34. Tuyau flexible selon I'une quelconque des revendi- 
cations precedentes, dans lequel le film se trouve 

20 sous la forme d'un ruban enroule autour et faculta- 
tivement lie a une couche de polymere interieure. 

35. Tuyau flexible selon I'une quelconque des revendi- 
cations 1 a 33, dans lequel le film se trouve sous la 

25 forme d'un ruban plie autour et facultativement lie a 
une couche de polymere interieure. 

36. Tuyau flexible selon I'une quelconque des revendi- 
cations precedentes, dans lequel ledit film ou ledit 

30 film avec un appret comprend des atomes de C, le 
polymere etant un polymere reticule avec les liaisons 
se liant aux atomes C du film. 

37. Tuyau flexible selon I'une quelconque des revendi- 
35 cations precedentes, dans lequel ledit tuyau com- 
prend une ou plusieurs couches d'amure interieures 
non liees. 

38. Tuyau flexible selon I'une quelconque des revendi- 
40 cations precedentes, dans lequel ledit tuyau com- 
prend une ou plusieurs couches d'amure non liees 
sur le cote exterieur de la couche de polymere Nee 
a ladite couche de film. 

45 39. Procede de production d'un tuyau flexible non lie tel 
que defini dans I'une quelconque des revendications 
1 a 38, ledit procede comprenant les etapes consis- 
tant a fournir au moins une couche de polymere 
ayant une epaisseur de 4 mm ou plus et au moins 
50 une couche de film ayant une epaisseur de 1 mm ou 
moins, ladite couche de polymere etant au moins 1 0 
fois plus epaisse que le film, ladite couche de film 
fournit une barriere contre la permeation de fluides 
contre un ou plusieurs des fluides methane, sulfures 
55 d'hydrogene, dioxyde de carbone et eau, qui est su- 
perieure a la barriere contre la permeation de fluides 
fournie par la couche de polymere determinee a 50° 
C et a une difference de pression de 50 bar, et a lier 
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40. 



lesdites couches les unes aux autres. 

Procede selon la revendication 39, ledit procede 
comprenant les etapes consistant a 



46. Procede selon I'une quelconque des revendications 
39 a 45, dans lequel la couche de film est ou com- 
prend un ruban metallique avec un appret. 



- fournir une couche de polymere interieure, 

- fournir une couche de film autour de ladite cou- 
che de polymere interieure, 

- fournir une seconde couche de polymere 
autour de ladite couche de film, et 10 

- fournir une liaison entre au moins une desdites 
couches de polymere et ladite couche de film, 
ladite liaison etant fournie par soumission de la- 
dite au moins une couche de polymere a une 
reticulation. 15 



41. Procede selon la revendication 39, ledit procede 
comprenant les etapes consistant a 

- fournir une couche de film autour d'un mandrin 20 
ou d'une couche d'armature interieure (carcas- 
se), 

- fournir une couche de polymere autour de la- 
dite couche de film, et 

- fournir une liaison entre lesdites couches de 25 
polymere et le film, ladite liaison etant fournie 

par la reticulation de la couche de polymere. 

42. Procede selon la revendication 39, ledit procede 
comprenant les etapes consistant a 30 

- fournir la section stratifiee interieure du tuyau 
flexible comprenant au moins une couche de 
polymere interieure et une couche d'armure sur 

le cote exterieur de ladite couche de polymere 35 
interieure, 

- fournir une couche de film autour de ladite sec- 
tion stratifiee interieure du tuyau flexible, 

- fournir une couche de polymere exterieure 
autour de ladite couche de film, et 40 

- fournir une liaison entre au moins une desdites 
couches de polymere et la couche de film, ladite 
liaison etant fournie par soumission de ladite 
couche de polymere a une reticulation. 

45 

43. Procede selon I'une quelconque des revendications 
39 a 42, dans lequel la couche de film est traitee par 
un traitement corona ou par application d'un appret 
pour ameliorer la liaison. 

50 

44. Procede selon I'une quelconque des revendications 
39 a 43, dans lequel la couche de film ou un appret 
revetu sur ledit film comprend des atomes de C. 

45. Procede selon I'une quelconque des revendications 55 
39 a 44, dans lequel au moins une couche de poly- 
mere est reticulee apres avoir ete appliquee en con- 
tact avec la couche de film. 
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